Dr V Mary Crosse and Dr Gerald Corney (Birmingham) The Use of Adrenocorticotrophic Hormone in Neonatal Jaundice in Premature Babies Early in 1959 MissD LWard, Sisterincharge ofthe premature baby unit at Marston Green Maternity Hospital, Birmingham, was given six months leave of absence to take charge of the Premature Baby Unit in the Institute of Child Health, Ankara, Turkey. After being there a few months, she informed us that very few of their premature babies required transfusion for jaundice and asked if it could be due to the immediate administration of adrenocorticotrophic hormone (ACTH) to all babies developing jaundice.
Corticoids have been used in hemolytic disease, alone or with exchange transfusion, with varying degrees of success (Mayer et al. 1958 ). However, as corticoids were at that time believed to require glucuronic conjugation before elimination, it appeared that this treatment might have some risk in premature babies. It is now known that hydrocortisone is excreted mainly as free 6-f3hydroxy-hydrocortisone (Colle et al. 1959 ) and is thus not in competition with bilirubin for glucuronic acid.
Eventually ACTH was used, with careful supervision, in a few cases in the Marston Green premature babyunit. No ill-effects were apparent and the control of the jaundice was dramatic.
In August 1959 Murano suggested that corticoids activated the enzyme necessary for conjugation of bilirubin. His paper, and the impressive results being obtained in our own cases, led to the routine administration of ACTH in 1960 to all babies with a serum bilirubin level of 5 mg% or more, or reaching number 2 on Gossett's icterometer (Gossett 1960) , in the Marston Green unit. The dosage of ACTH has been: 10 units b.d. for three days (or longer if the jaundice is not fading), 5 units b.d. for one day, 2-5 units b.d. for one day, 2-5 units once for one day. During the administra-tion of ACTH, penicillin (125,000 i.u., twelvehourly) and streptomycin (20 mg/lb/day in divided doses twelve-hourly) were given. Table 1 compares two years, 1958 (no ACTH given) and 1960 (routine ACTH to jaundiced babies). The proportion of babies surviving the first week of life (and therefore 'at risk') was very similar in the two years. A slightly larger propor-. tion of the babies were noted to be jaundiced during 1960, but fewer reached transfusion levels (serum bilirubin 20 mg%). During 1958, 17 3% of the survivors required transfusion, compared to only 3 6% during 1960. approximately the same during all trial periods, both with and without ACIH. died of septicemia (Ps. pyocynea). The adminis-Babies on ACTH seemed to take their feeds tration of ACTH was then suspended and it has better, but were given only the usual amount of not yet been resumed.
fluid. These babies tended to have more oedema Table 3 compares three periods: A, January 1 and lose less weight during the first few days of to June 11, 1960 (no ACTH); B, June 11 to life, but after the ACTH had been stopped they November 16, 1960 (routine ACTH); C, Novem-lost weight and the end-result was about the same ber 16, 1960 to February 17, 1961 . as in babies not treated with ACTH. Serum elec-During period B, when ACTH was being used, trolytes were investigated in a few cases and were only 4-8% of the survivors required transfusion normal. Contrary to the experience of Murano compared with 18 4% and 18-2% during periods (1959) , no direct-reacting bilirubin was found in A and C, when no ACTH was being given.
the serum of infants being treated with ACTH.
During period B the serum bilirubin level of It will be necessary to follow-up the babies for at one baby being treated with ACTH reached 22 least one year to exclude mild degrees of kern- Table 3 icterus. In our experience, however, babies with Jaundice and ACTH (Sorrento Premature Baby Unit) kernicterus always show some signs of this complication before they leave the hospital, and none
PeriodA PeriodB Period C of the babies treated with ACTH (except the one Jan. 1-June11 June 11-Nov. 16 Nov. 161960-with paralytic ileus and a serum bilirubin of 22 Recent studies have shown that the newly born mammal may differ strikingly from the adult in having a lower 'basal' metabolic rate than it should have for its size, and in havingper unit surface areaa considerably lower maximal metabolic heat production in a cold environment. In addition, the coat (or other covering) of the newborn mammal often has a lower insulating power than that of the adult. These facts underlie and contribute to, the thermal instability and low body temperature frequently shown by newly born mammals (including the human premature infant). Furthermore, hypoxia can also cause a lowering of the body temperature. These studies are described in greater detail in the references given below. It is generally accepted that the body temperature of the full-term baby is almost identical with that of the adult, whereas the premature baby's temperature is lower; and also that it is probably unnecessary to raise the premature baby's rectal temperature above 960 F (35.50 C) and a temperature of 930 F or less has been regarded as tolerable; as the baby matures the temperature gradually reaches adult levels (Smith 1959) .
Recently there has been renewed interest in the best temperature for premature babies. In 1954 Professor Kenneth Cross suggested that instead of an environmental temperature of 90(95°F one of about 840 F might be the physiological ideal, and that the resulting lower body temperature might not be detrimental to the health of the premature babies. Over the past four years babies admitted to the Nightingale Premature Baby Unit in Derby have been nursed at these relatively low environmental temperatures.
From preliminary observations it appeared that the premature baby adopts a lower body temperature than the mature baby when nursed in an ambient temperature of about 840 F (28 80 C). Efforts were made to verify this observation.
Methods
At first the small babies were nursed in an incubator and later in Sorrento cots, sometimes covered with a Perspex top, in a warm room. In all cases ambient or environmental temperatures were recorded with the thermometer beside the baby. It should be noted that this thermometer often records 2°F (1.10 C) lower than the one at the top of the incubator.
The baby's temperature was recorded by a thermometer inserted 1 in. (2-5 cm) into the rectum for two minutes. It was taken after two minutes in the axilla during the last year of this four-year trial as we were able to confirm the work of Dr W A Silverman, of New York, that this accurately followed the rectal temperature. All temperatures were recorded three-hourly for the first forty-eight hours and sometimes for longer; thereafter they were recorded twice daily. The babies were nursed naked until their temperatures had stabilized at 95-96°F. We aimed to keep these babies in an average environmental temperature of 84°F (28.80 C), the range being 82-86°F
(27-7-30°C), unless clinically there was any reason for altering this. Nevertheless, maintaining a constant temperature, even with an incubator, was difficult, and occasionally the temperature fluctuated between 800 and 900 F (26-6 and 32 2°C).
Results
Fig 1 demonstrates how the premature baby's temperature rises with increasing maturity when the ambient temperature is 82-860 F. It shows the average body temperature at 1, 7, 14, 21 and 28 days of life in 385 babies (born between January 1957 and May 1960 inclusive) in maturity groups from 30-38 weeks. The maturity was estimated according to the mother's datesnot a reliable method, but the best available. The less mature the baby, the lower the OF. rectal temperature. The range of temperatures on Day 1 was small by comparison with those on Day 7 and partly conceals the great variability of the temperature in the first 48 hours of life and completely obscures the fall of body temperature, often considerable, that occurs within minutes of birth; it may rise again in the subsequent twelve hours or less. However, it demonstrates that the temperatures have settled to a steadier level by about the 7th day when they appear to be a truer indication of the basic temperatures of the babies at each level of maturity. The rectal temperature of the babies born before 32 weeks' gestation still have not quite reached 96°F by the time they are 4 weeks old. However, babies born after 32 weeks' gestation reach this temperature of 96°F when they are only 2 or 3 weeks old. We may expect then that a baby born at, say, 30 weeks will take longer than one born at 35 weeks to reach a temperature of about 960 F and this is demonstrated in Fig 2. The black dots are plotted at the average temperature on the 7th day of life for each week of estimated maturity. The temperatures on the 7th day of life have been chosen because most babies' body temperatures have usually stabilized by then. Not infrequently they have stabilized by as early as the 4th day. The perpendicular lines indicate twice the standard error of the average at each week and so demonstrate the trustworthiness of the averages. The continuous line is a hypothetical one but indicates that in these conditions of nursing there is a rise of the average temperature with maturity although the range of temperature in each group is extremely variable. I am unable to explain the higher average temperatures at 28 and 29 weeks. Thus it does seem that when the ambient temperature is 82-86°F the temperature of the baby rises in a steady gradient with increasing maturity and that the point on this gradient at which a baby's temperature settles in the first few days of life may be some guide to its maturity. This point is illustrated by a baby who, although small, behaved like a larger one. This baby was only 1,644 g (31b 10 oz) at birth, but was 38 weeks mature according to his mother's dates. The behaviour of his temperature seemed to confirm his maturity, for it rose and remained above 960 F within as little as 9 days of birth despite a constant but fairly low environmental temperature of between 760 and 800 F (24.50 and 26.60 C).
If body temperature is related to maturity it should show a correlation with birth-weight also. Fig 3 shows the average rise of premature babies' body temperatures with age in the different weight groups. Babies over 2,268 g (5 lb) are excluded, but those between 2,012 and 2,240 g (4 lb 7 oz and 4 lb 15 oz) are included for comparison with the lower weight groups. It refers to the same 385 babies as Figs 1 and 2.
At 7 days, the temperature range in each of the three weight groups is indicated. Only rarely does the body temperature fall below 900 F and when it does the babies are usually ill. They are lethargic, may suck poorly or tolerate tube feeds badly, and tend to vomit, but occasionally body temperatures have fallen as low as 870 F without apparent upset to the baby.
The temperatures of the babies in the lowest weight group take longer to rise above 960 F than those in the higher weight groups. However, the babies over 1,500 g (3 lb 5 oz) have slightly lower temperatures at first, but seem to follow the same trend after the 14th day of life as the babies over 2,000 g (4 lb 6 oz). So it appears that under these conditions the basic body temperature rises with increasing age and weight when the environmental temperature is kept as constant as possible between 820 and 86°F. There is no sex difference in this rise.
The mortality rate for these 385 babies (seen between January 1957 and May 1960) was approximately 26%. This rate is comparable with the results from other centres in England where babies have to be transported some distance from outside hospitals or homes.
In June 1960, as the result of discussions with Professor Kenneth Cross, the ambient temperature of the premature babies admitted to our unit was raised from 840 F to between 880 and 900 F (31-10 and 32.20 C). Otherwise conditions remained exactly the same as before.
There was still a similar rise of body temperature on the seventh day with increasing maturity (Fig 4) ambient temperature (lower line transposed from Fig 2) . The same was true of the temperatures at 1, 7, 14, 21 and 28 days of life at maturity levels of 30 to 38 weeks. When they are compared with different weight groups (Fig 5) it is significant that the average temperatures of the babies in the lowest weight group below 1,500 g reached nearly 960 F as early as the 7th day of life, whereas those in an ambient temperature of 840 F took four weeks to reach the same temperature. The mortality for this group was 25 % -almost the same as the previous group.
Conclusions
(1) The natural fall in body temperature immedi- ately after birth and the subsequent rise within twelve hours may not always be appreciated. Consequently the medical attendant may try to warm the baby too quickly, especially if the temperature taken, say, half an hour after the birth is found to be 930 F or lower. This fall and subsequent rise is probably related to maturity and birth weight, but other factors including the temperature of the room may be important.
(2) The basic temperature may be defined as the lowest rectal temperature reached between the fourth and seventh day of life when the baby has been nursed in a temperature between 800 and 900 F. On average, the lower the birth weight and the less mature the baby, the lower will be its VI. I I~* I basic temperature. This basic temperature rises with increasing age to reach 960 F within approximately two weeks of estimated full maturity if the ambient temperature is 84°F. If the ambient temperature is 880 F, then the baby reaches 960 F about six weeks before full maturity.
(3) The basic temperature cannot be accepted as a reliable index of maturity because of the considerable individual variation; nevertheless it has often been found to confirm the mother's own estimate of the length of her gestation. (4) I think it probable that an environment of 88-90°F is better for the baby than one of 840 F but the best environmental temperature for premature babies is still to be determined and we need to know whether this should aim at keeping them at their 'neutral' or 'critical' temperature. This paper suggests only that it may not be necessary to keep the body temperature of premature babies as high as full-term ones. Indeed such attempts may result in undesirable hyperthermia although I know of no proof that this is so.
It is difficult to decide whether the lower environmental temperatures have had an adverse influence on these babies. Generally they thrive satisfactorily as long as their rectal temperatures do not fall below 90°F. I have the impression that jaundice is less common in the babies nursed at the lower environmental temperature. I am not maintaining that a low environmental temperature is the only way in which premature babies can be brought safely to maturity, but when I started this trial it seemed likely that such a temperature could conceivably decrease the demands made upon the babies' immature metabolism. For the nurse these low temperatures would obviously be welcome.
